Introduction
An earthquake is a devastating, serious , and sudden natural disaster. In recent years , global earthquakes have occurred frequently all over the world. To improve the accuracy of earthquake prediction and reduce the harm caused by earthquakes , many scholars have studied the coupling mechanisms of ionospheric disturbances that occur before and after earthquakes. The results showed that SIA of the TEC significantly decreased in the afternoon period 2-9 days before the earthquakes in China, an observation that is in a good agreement with the SIA that appeared prior to the 12 and 28th. Therefore, the geomagnetic index is quiet from January 13 to February 17.
Data processing and analysis
The IRI and GIM are the commouly used ionospheric models , and both exhibit good reliability. The GIM disturbances before and after the earthquake. From the figure , it can be observed that the number of ionospheric disturbances is six on the 24th, lOth and 4th days before the earthquake , and this number is five on the 4th day before the earthquake and 11 on the 3rd day after the earthquake. Figure 3 sbows the number of VTECGIM and VTECGIM-IIU 
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To clearly reflect the VTEC disturbances, this study uses the disturbance data ratio of VTEC 0 rn and VTECciM-IRI· The disturbance data ratio takes the number of ionospheric disturbances of VTEC 0 IM and VTECGIM-IRI and divides them by the total numbers of VTECciM and VTECciM-IRifor each day. Figure 4 shows the disturbance data ratio of VTECGIM and VTECGIM-IRI before and after the earthquake. Furthermore, the ratio also reflects the time span of the ionospheric disturbance in each clay.
The time interval of GIM VTEC is 2 hours, and when the disturbance data ratio reaches 40% , the anomalous variation time of the ionospheric VTEC runs up to 9. 6 hours such that the ionosphere of that day can be detennined as obviously disturbed. Figure 4 shows that the ionospheric VTEC on the 24th (January on the lOth day before the earthquake, at UTC 10 :00 on the 4th day before the earthquake, and at UTC 4 :00 on the 4th day after the earthquake. Additionally, the disturbance on the 4th day after the earthquake shows a change of long duration.
The VTEC 0 rn that exceeds the upper and lower limits is subtracted from the upper and lower limits to obtain the abnormal value of the VTEC 0 IM.Tbe abnormal value is divided by the upper and lower limits and produces the abnormal data ratio of the VTECcrn· Figure 6 shows the abnormal data ratio of the VTECGIM· Because IR1 is a global empirical ionospheric model and its value is unaffected by storms , earthquakes , and other special phenomenon , the changes in the VTECGIM-IRion the 24th, the lOth, the 4th days before the earthquake, and the 4th day after the earthquake are analyzed. Figure 7 shows the change curve of the VTEC GIM-IRI. Figure 7 shows that the ionospheric disturbance of VTECGIM-mi at UTC 6 :00 and 12 :00 of the 24th day, UTC 8 :OO and 10 :OO of the lOth day, 
